Objective: The objective of this study was to review the carrier frequencies of hearing loss gene variants, such as GJB2, SLC26A4, and MT-RNR1 in newborns of China.
INTRODUCTION
Hearing loss (HL) is a common congenital disorder affecting humanity, approximately 1 in 1000 newborns worldwide has hearing loss. 1, 2 It causes great suffering and heavy burden to individuals, families, and societies. According to the Chinese population statistics, 800,000 deaf-mute children are younger than 7 years and growing at the rate of 30,000 per year. 3 There are two monogenic forms of HL, including syndromic and nonsyndromic HL (NSHL). 4 At least 50% of congenital HL was attributed to genetic factors, while 70% showed NSHL. 5 As of October 2013, a total of 137 loci for NSHL genes were identified (Hereditary Hearing Loss Homepage, http://hereditary hearingloss.org/), and 67 genes were cloned. NSHL generally follows 
METHODS

Literature search strategy
The following databases were searched from January 2007 to January 2016: PubMed, Embase, BioCentral, China National Knowledge Infrastructure (CNKI), Chinese WanFang database and Chinese VIP database, fulfilling all observational studies in Chinese newborns of HL.
The keywords used were "newborns" and ("hearing loss" or "deafness") and "gene" and ("Chinese" or "China"). We also searched the references of included selected papers. The search was not restricted by publication languages.
Inclusion and exclusion criteria
The selection criteria are as follows: (1) the reports of qualitative studies were collected from full published papers; (2) the articles published from January 2007 to January 2016 in Chinese and English; (3) the studies reported the carrier frequencies of HL gene variants of newborns in China and contained accurate statistical analysis; (4) the studies include related indexes: detection loci (235 delC, 299 delAT of GJB2 gene, the IVS7-2 A > G, 2168 A > G of the SLC26A4 gene, and 1555
A > G, 1449 C > T of MT-RNR1) and detection methods (microarray, MALDI-TOF-MS, and sequencing). Reviews or reports, basic experiment or mechanism, and duplicated studies and records were excluded.
Quality assessment and data extraction
The quality of the included studies was evaluated according to the observational study criteria that were recommended by the Agency of Healthcare Research and Quality (AHRQ) (http://www. ncbi.nlm.nih.gov/books/NBK35156/). The entire literature studies were extracted, and the quality system was evaluated by two independent researchers. Only when two reviewers agreed was the study included in the meta-analysis.
Statistical analysis
Pooled rate and 95% confidence intervals (CIs) were calculated to estimate the carrier frequencies of HL gene variants in newborns of China.
A Chi 2 -based Q statistics test and I 2 test were used to assess the heterogeneity of the studies. If a significant Q-statistic (P < 0.10) or I 2 statistic (I 2 > 50%), then a random-effects model was used for the meta-analysis. 43 Otherwise, a fixed-effects model was used. Publication bias was tested by Egger's linear regression and visualized via funnel plots. This meta-analysis was performed using R software (R version 3.2.1). 44 All P values are presented as two-tailed, and P values of < 0.05 were considered statistically significant.
RESULTS
A total of 958 potential studies were identified with keywords, titles, and abstracts screened. After screening by review of title, abstract, and full-text, 35 studies (7 in English and 28 in Chinese) were included in this meta-analysis. Figure 1 shows the literature search process.
Characteristics of included studies
As shown in Table 1 The overall meta-analysis showed that in newborns of China, the carrier frequencies of GJB2 variants (235 delC, 299 delAT) were 1.64%
Meta-analysis
(95% CI 1.52% to 1.77%) and 0.33% (95% CI 0.19% to 0.51%); SLC26A4 variants (IVS7-2 A > G, 2168 A > G) were 1.02% (95% CI 0.91% to 1.15%) and 0.14% (95% CI 0.06% to 0.25%); MT-RNR1 variants (1555 A > G, 1449 C > T) were 0.20% (95% CI 0.17% to 0.23%) and 0.03%
(95% CI 0.02% to 0.05%) (Figures 2 to 7) . 
Publication bias
Funnel plot and Egger's test were performed to assess publication bias.
Egger's test was used to provide statistical evidence for funnel plot symmetry. The Egger's results showed there was no publication bias 
DISCUSSION
In this meta-analysis, we systematically evaluated variants of the GJB2, SLC26A4, and MT-RNR1 genes in newborns in China. The carrier frequency of HL gene variants is about 5% to 6% in the Chinese population. 45 In cases of NSHL, the most common variant occurs in the GJB2 gene. 46, 47 GJB2 variants have been reported in more than 110 loci, 48 The mitochondrial MT-RNR1 appears to be a hot spot for mtDNA variants. 54 The 2 common variant types, 1555 A > G and 1494 C > T, have been found to be associated with both aminoglycoside-induced and NSHL in many families. 55 The results of the meta-analysis showed that the carrier frequencies of MT-RNR1 variants (1555 A > G, 1449 C > T) were 0.20% and 0.03% in Chinese newborns. Among them, 1555A > G was the major variant form of the MT-RNR1 gene. All mitochondrial mtDNA variants are caused by maternal inheritance, that is, the variant can be transmitted to offspring through the mother. Population carrying MT-RNR1 variants was highly sensitive to aminoglycoside, even if the normal dose even minute quantities of drugs may lead to aminoglycoside antibiotic induced deafness. 56 Congenital HL is the most common birth defects in newborns, and the occurrence rate is about 0.1% to 0.3%. 57 Early detection, early diagnosis, and early intervention of congenital HL in newborns have a profound impact on children's language ability. Studies have demonstrated that early rehabilitation (i.e., before the age of 6 months) aids in significantly better language development with early intervention. 58, 59 Newborn hearing screening has been carried out in China since 2000 and achieved good social benefits. However, the study showed that the prevalence of deafness in children aged 5 years and 14 years were 2.5% to 3% and 3.5% to 4%, 60 Although this study presents the status from January 2007 to January 2016 in China, this meta-analysis has several limitations. The heterogeneity in this study is high, which could be derived from regional heterogeneity, clinical heterogeneity, and statistical heterogeneity. In addition, because the selected studies were all cross-sectional studies and we did not perform a subgroup analysis or meta-regression analysis to explore the sources of sizeable heterogeneity. A cross-sectional study might lead to potential inherent biases, particularly selection bias. Therefore, we evaluated the quality of the included studies by the AHRQ.
In our study, only the carrier frequencies of loss hearing gene variants have been calculated and systematically reviewed. In fact, allele frequency as the relative frequency of an allele (variant of a gene) at a particular locus in a population has important significance in genetics.
However, since part of the articles selected failed to provide the original data of HETRO and HOMO variants, respectively, the allele frequencies were not further calculated and meta-analyzed in the study, but will be analyzed in the follow-up study. As far as we know, this is the first study to assess the nationwide epidemiology of HL gene variants in newborns of China.
CONCLUSIONS
In conclusion, our data did cover more than 18 provinces, municipalities, and autonomous regions, which is of value to public health policies. Recently, our results indicated that variants of HL genes in newborns of China were still very problematic and that we should do more to improve the situation. More public health work is also needed to improve the current status of HL gene variants in Chinese newborns.
